Big Data and what it means for evaluating integrated care programmes by Kaehne, Axel








Dr Axel Kaehne 
Reader in Health Service Research 
EPRC
Faculty of Health and Social Care







Cite as: Kaehne, A. (​file:​/​​/​​/​​/​insight​/​search%3fq=Axel%20Kaehne" \o "Axel Kaehne​) (2019), "Big Data and what it means for evaluating integrated care programmes", Journal of Integrated Care (​https:​/​​/​www.emerald.com​/​insight​/​publication​/​issn​/​1476-9018​), Vol. 27 No. 3, pp. 249-258. https://doi.org/10.1108/JICA-05-2019-0017 (​https:​/​​/​doi.org​/​10.1108​/​JICA-05-2019-0017" \o "DOI: https:​/​​/​doi.org​/​10.1108​/​JICA-05-2019-0017​)






Purpose  Big data are likely to have significant implications for the way in which services are planned, organized, or delivered as well as the way in which we evaluate them. The increase in data availability creates particular challenges for evaluators in the field of integrated care and this paper will set out how we may usefully reframe these challenges in the longer term.

Design Using the characteristics of big data as defined in the literature, the paper develops a narrative around the data and research design challenges and how they influence evaluation studies in the field of care integration. 

Findings Big data will have significant implications for how we conduct integrated care evaluations. In particular, dynamic modelling and study designs capable of accommodating new epistemic foundations for phenomena of social organisations, such as emergence and feedback loops, are likely to be most helpful. Big data also generate opportunities for exploratory data analysis approaches, as opposed to static model development and testing. Evaluators may find research designs useful that champion realist approaches or single-n designs. 

Originality This paper reflects on the emerging literature and changing practice of data generation and data use in health care. It draws on organisational theory and outlines implications of big data for evaluating care integration initiatives. 
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Paper type Viewpoint paper 
Introduction

The current explosion of available data drives innovation and improvement in many industries. Health care services however often struggle to accommodate the amount of data which is routinely produced by services as well as people individually. Arguably, what has been described as ‘big data’ is likely to have significant implications not only for the way in which health care services are planned, organised and delivered but also for the way in which we evaluate them. 

The increase in data availability creates particular challenges for evaluators in the field of integrated care and this paper will set out how we may usefully reframe these challenges in the longer term. I will argue that, whilst the availability of significant amounts of data are not new to health care services, the pressures emanating from patients for personalised care, and the relentless drive for efficiencies in the system, will have significant implications for how we conduct integrated care evaluations. 

The paper is divided into three sections. In the first section, I will set out the main parameters of big data and what their implications are in health care services. The second section will then map out the potential implications of big data for evaluations of complex interventions in health care. In the last section I will bring this together and outline the implications for future practice and research in integrated care. 


Big data – what is it?

Big data has been variously described as the biggest threat or the biggest opportunity for health care services (Tonidandel, King, & Cortina, 2018). As the unprecedented scope and depth of health related data generation becomes clear, planners and commissioners of health services are becoming aware of the additional pressures created by ever more available data. 

Challenges relating to ethics and governance of data sharing, often identified as a considerable barrier to interagency work, are likely to multiply as the sources of data proliferate, many of them outside conventional organisational boundaries (Bainbridge, Brazil, Ploeg, Krueger, & Taniguchi, 2016; Scott, Foley, Bourke, Leonard, & Girdler, 2014). Where health care data were traditionally produced, administered and used within, and predominantly by, medical professionals bound by codes of conduct, patients themselves now generate a wealth of health related data through a series of apps, often making data freely available to commercial providers.

As apps on handheld devices are becoming common for many people, data of various types and nature are accumulated by or on behalf of individuals as part of self-management of diseases or personal health improvement drives (Øvretveit, 2017). 

Big data is characterised in the literature as a phenomenon with various key attributes. These attributes were usefully summarised by Tonidandel et al. (Tonidandel et al., 2018) as the four V’s. First, big data are data of considerable volume, on various levels of aggregation, ranging from information relating to individuals to whole populations. Whilst the smallest unit of analysis is located at the single person generating individual level data, the ubiquity of data generation now allows analysts to plot data trends for segments of, or whole populations. 

One consequence is that the sheer volume of data allows services to influence and steer behavior of their clients. The direction facility of Google Maps is one example where the user of the service (the driver) is simultaneously a provider of data which in turn informs mathematical models to calculate the best route for others. The volume of data supplied by drivers permits Google to suggest alternative routes in real time if traffic jams occur. Data generation and data analyses conducted simultaneously thus combine to form a powerful ‘nudge’ for customers. 

This leads to the second attribute of big data, velocity. The speed with which data are generated and analysed through algorithms has reduced the time gap between data collection, analysis and data use. This gap is now approximating zero in many industries. Ever more powerful data storage and data processing capacity allow analysts to create a feedback loop that may influence customer behaviour in real time. The key characteristic here is that clients of the service are empowered to make decisions but need to provide data themselves in order to benefit. 

The ethical difficulties of supplying data whilst at the same time not being in control of the use of that data are well articulated in the public debate (Oliver, Kothari, & Mays, 2019; Stevenson, 2015). There is also considerable disquiet amongst the public about the business model that powers data generation, data analysis and their use, epitomized by debates about Facebook where its users produce the content for free which is then monetarized by the platform. The increased volume and velocity of data permit organisations and businesses to create an analytical feedback loop to produce a service which is responsive and flexible. 

Contrast this with the responsiveness of traditional health care organisations, say a phlebotomy service. When a patient’s blood is taken, it is sent off to the lab which then runs diagnostic checks and returns the results to the GP practice in due course. The patient then needs to consult the GP again, usually through a face to face appointment or a phone call to the GP practice. The entire diagnostic cycle may take up to a week (Purdy, 2010; van Lent, Overbeke, & Out, 2014). Compared to getting your direction through Google Maps, health care consultations remain cumbersome, involving various interactions and featuring several ‘compliance’ or ‘adherence’ points where patient attrition may occur. In addition, the data generated in health systems are usually only used for diagnostics of one individual, with medical professionals acting as a powerful gatekeeper. 

Although diagnostic services generate an enormous volume of data on individuals over time, so far, these data have rarely been used for further population based analysis for data governance reasons. In fact, even access of patients to their own data is often not guaranteed (Witten & Tibshirani, 2013). Many health care organisations still struggle to find a reasonable balance between safeguarding patient related data and giving patients access to their data, let alone to provide aggregated anonymised data publicly to assist services planners and commissioners. 

The third important attribute of big data is the variety of sources from which individual level data may originate. Whilst previously, medical professionals, such as nurses, were the main producer of data, users themselves now generate data which are then provided to services for further analysis or for supplying a commercial service. The proliferation of blood pressure monitors is a case in hand. Home kits to monitor conditions are now commonplace, ranging from easy to use tests for sexually transmitted diseases to appliances to test your blood sugar levels (Becker et al., 2014). 

The fact that patients now generate health related data in the comfort of their own home, raises issues of ownership, validity of analysis and potentially transforms the role of medical professionals in the process of diagnostics, medication and cure. On the care provider side, a similar process of ‘boundary blurring’ occurs. Conventional public health care providers increasingly encounter situations where data are generated, and owned by either patients or commercial providers, giving rise to questions about who may have access to data and how. 

Another important feature of big data is its veracity, and, in the health care sector its validity. Whilst veracity is associated with difficulties around data collection, data storage and data transfer, data validity relates to notions of whether the data collected are measuring what someone wants to measure. Within health care this is a more complicated issue than in other fields (May, Johnson, & Finch, 2016; Moore, Audrey, Barker, & Bond, 2014). Take the example of using a home kit testing your blood sugar level. An above normal reading of blood sugar may cause unnecessary worries to someone, unless the result is interpreted within a wider risk profile of the patient. A simple blood sugar level test therefore has only limited validity to the thing we really want to measure, that is the risk of a particular individual to develop diabetes. 

The availability of big data thus raises questions about who owns data, how we can and should use them, and who should benefit. It also challenges our traditional understanding of the roles and obligations of medical professionals, vis-a-vis patients as well as commercial organisations which may co-produce health related data for individuals (Boyle & Harris, 2009; Palumbo, 2016; Voorberg, Bekkers, & Tummers, 2015). 

In addition, the use and ubiquity of big data in other life domains have now created an urgency for health care professionals to mimic the unprecedented levels of responsiveness and flexibility of commercial services that have become common in many data driven customer services. The boundary between data generated by health care professionals for the purposes of patient diagnostics, and commercial services for self-management of diseases and/or personal diagnostics, is also becoming increasingly blurred. 

These challenges combine to create a perfect storm for health care. I will outline in the next sections what the implications are for integrated care and the evaluation of integrated care programmes. 


Big Data in integrated care programmes 

Integrated care programmes have always operated in the presence of two challenges. The first is complexity, the second is programme duration or insufficient maturation (Dickinson, Jeffares, Nicholds, & Glasby, 2013; González-Ortiz, Calciolari, Goodwin, & Stein, 2018; Goodwin et al., 2011). 

Integration of care services is best described as a complex organisational innovation. The literature discusses service innovations often under the term of complex interventions yet, strictly speaking, most integration programmes entail complex organisational changes, rather than discrete interventions (A. Kaehne, 2018; Leutz, 1999, 2005; Suter, Oelke, Adair, & Armitage, 2009). The difference is important to note since evaluators can measure the impact of services changes either by controlling environmental factors that may confound study results or by designing a comparative set up where an intervention arm is compared to a non-intervention arm. Patients in the first arm receive the new service, whilst patients in the latter receive a standard service. The obvious ethical difficulties around withholding a (novel, potentially better) service from patients however make trial designs difficult to create in practice. This leaves evaluators with the possibility to create comparative or simple pre-post designs, i.e. set ups which allow them to control for potentially confounding factors (Craig et al., 2016; Seys et al., 2019). 

That comparative designs are unlikely to generate good evidence when used with complex interventions is widely acknowledged (Ettelt, Mays, & Allen, 2014, 2015). The reason is that it is difficult for any potential effect of the intervention (the new service) to be isolated from other elements of service delivery (A. Kaehne, 2016a). In essence, health services are methodologically ‘noisy’ environments. Identifying what constitutes the ‘active ingredient’ of the new service represents a challenge to researchers. In addition, changes in health services occur all the time for patients and, many patients are unlikely to be recipient of only one service but, rather multiple services, which makes attributing improvements in patient care or patient outcomes to one singular service change problematic (Lowe, 2013). 

The combined effect of these challenges has been that the impact of integrated care programmes on patient outcomes is poorly evidenced (Cash-Gibson & Rosenmoller, 2014; A. Kaehne, Birrell, Miller, & Petch, 2017; Rosen et al., 2011). Whilst there is some evidence that care integration provides some benefits to professionals (Dickinson, 2014; Dickinson & Glasby, 2010; Dickinson & Sullivan, 2014; A. Kaehne, 2016b, 2017; Axel Kaehne & Catherall, 2012; Wistow & Dickinson, 2012), evidence of patient benefits is hard to come by. Consequently, quite a few evaluations of integrated care programmes have focused on investigating processes and how programmes have created better interprofessional practices. Others have advocated using realist evaluation approaches which are based on an analysis of programme logics and the factors that ‘activate’ mechanisms of programme intervention leading to service improvements. 

Whilst realist evaluations can be time consuming and require excellent analytical skills, including substantial qualitative data to verify logic models and their implementation, they have the advantage that evaluators gain a better understanding of how the intervention is supposed to work, allowing them to contrast any normative expectation with how the intervention has performed in reality (de Souza, 2013; Punton, Vogel, & Lloyd, 2016; Williams, Rycroft-Malone, & Burton, 2017). Realist evaluations thus provide a critical perspective on the often over-ambitious aims and objectives formulated by programme planners of integrated care. 

The second challenge to evaluating integrated care programmes is time. It is widely recognised in the literature that integration programmes do not lead to any improvement in the triple aims in the short term. Successful integration programmes are likely to result in cost savings only 5 to 8 years into the programme (Hildebrandt et al., 2010; Siegel, Stoessel, Freiburg, & Soziologie, 2011). Similarly, patient outcomes are measurably improving only after several years, if at all. Moreover, many service changes result in tapping into latent demand, leading to an increase in utilisation of the service and higher initial costs. Service changes, such as integrated care programmes are thus best evaluated longue durée, a privilege few programme planners are afforded in reality. As programmes are being planned and implemented, services often need to demonstrate rapid improvements or significant cost savings in the short term (Bainbridge et al., 2016; Cash-Gibson & Rosenmoller, 2014; Mölken et al., 2018). 

The question is whether or not big data can change any of these well known difficulties around implementing and evaluating integrated care programmes. The last section will explore those aspects of big data which directly intersect with the evaluation challenge as outlined above. 


Evaluating care integration under the conditions of big data 

In the mentioned article, Tonidandel et al. speak of a change of mind set that is required when dealing with big data as organisational researchers (Tonidandel et al., 2018). In particular, they suggested that the way in which evaluators model intervention effects would need to change if big data is to be taken seriously. In essence, they argue that the conventional way of research, where a pre-defined model is tested by using a snap shot of data for relevant variables, may be outdated. Instead, they propose that model development may occur simultaneously to testing with data continuously flowing in. The key advantage of the latter is the flexibility it affords researchers to adjust models of the intervention, adding or removing variables as their relevance or irrelevance becomes apparent. 

This argument has parallels in the suggestion of Creswell and Plano Clark that what researchers actually do is not testing a particular theory, rather than conduct an exploratory data analysis, trying to see which set of variables creates an effect on the pre-defined outcomes of the intervention (Creswell & Plano Clark, 2018). What bridges the gap between the exploratory paradigm of them and Tonidandel’s continuous ‘model validation’ is the availability of data. Previously, evaluators had to scrutenise logic models in order to identify the active ingredient of the intervention, operationalise the components by developing measures for them, and then collect data relating to these measures. If they turned out to be the wrong ones, the study either concluded that the intervention did not work, or, that it did perhaps work but we measured the wrong variables to produce any reliable evidence to that effect. In contrast with this, as Tonipandel et al. put it 

‘...there is the potential that we could identify new variables that should be part of tour theories but currently aren’t. Big data can be a source of discovery.’ (Tonidandel et al., 2018, p.533)


Until now, evaluators are stuck with testing a singular model of predicting programme outcomes, whilst the possibility of secondary data analysis offers little consolation when alternative models are identified post-hoc. Testing multiple effect models was rare and difficult to implement as evaluation resources are often limited and funders are unlikely to fund evaluations that openly advocate an exploratory attitude to assessing the effect of a programme. Big data, so I would suggest, allow us to develop, test and verify/falsify models in real time, recognising our bounded knowledge about complex service innovations. As Tonidandel et al. write: 

‘The magnitude of the incremental validity provided by big data and its utility given potential costs are important questions for organisational scientists to explore.’ (Tonidandel et al., 2018, p.528) 


A second advantage big data would bring to evaluations of integrated care programmes is the shift from linear to non-linear effects. Researchers have long recognised that integration is ill-described as a linear intervention under static circumstances. The popularity of using complex adaptive system approaches in integrated care evaluations owes something to the difficulties to accommodate feedback loops and dynamic relationships between factors within linear analytical models (Edgren & Barnard, 2015; A. Kaehne, 2016a; Tsasis, Evans, & Owen, 2012). A static view of implementing service changes is ill-suited to account for discontinuous and intermittent effects (Craig et al., 2016). Clearly, changes to services routinely occur in environments where factors may amplify or attenuate the impact of changes on measurable outcomes. The interpretative framework of Complex Adaptive Systems offers a partial explanation of this dynamic behaviour of service changes, even though there are differences of opinion as to what this means, or how this can be operationalised to measure its effect (Kitson et al., 2018; May et al., 2016). 

The availability of big data and the shift to dynamic modelling and testing, would de-mystify to a considerable degree the ‘complex’ nature of integration programmes. Where we so far use ‘complex’ as a denominator for ‘as yet unexplained’, dynamic modelling and testing could help assess the capacity of variables to produce emergence or feedback loops under certain circumstances (Paley, 2010; Paley & Eva, 2011; Plsek & Greenhalgh, 2001). The only limit to this would be our own analytic capacity and resources. 

Creating more robust models and subjecting them to continuous testing however is only one side of the coin. The other is the increase in granularity in our analyses that big data provides us with. Where previously, public health researchers and epidemiologists analysed service data to identify population trends, big data now brings about two significant changes. First, the multi-source nature of data allows us to build up a picture of care needs around a patient, ultimately permitting real time service responses. Secondly, investigating service quality for patients achieves much finer granularity through segmentation and risk stratification of populations, down to local community or neighbourhood level. This may challenge our conceptions of what constitutes acceptable study designs in health care research in general, and integration evaluations in particular (Pawson, 2018, 2019a; Punton et al., 2016). 

Crucially, this ability to vary the unit of analysis, on a sliding scale from whole service populations to discrete disease or condition groups or indeed individuals, traverses the chasm between our evaluation methods and the analytical means. As mentioned above, realist evaluations explored unchartered terrain by investigating the mechanisms operating between various components activating an intervention effect. Realist evaluations however, traditionally focus on the programme level. They are an exploratory device to make sense of programmes as a whole (Feather, 2018; Segal, Weiss, & Varadhan, 2011; Van Belle, Rifkin, & Marchal, 2017; Williams et al., 2017). 

What big data makes possible are real time analyses of individual patients going through service improvement programmes for which the realist analysis can be conducted similar to a pragmatic trial, or single-n studies (Pawson, 2019b). This allows us the opportunity to conduct realist evaluations at different levels of granularity, combining the heuristic device of realism with the analytical power of individual level data. Crucially, single-n studies use controlled designs where relevant variables are known, observed and measured. The difficulties of single-n studies in terms of external validity and generalisability are discussed in the literature (pp. 388-400, Mitchell and Jolley). Yet, the availability of big data potentially transforms single-n studies into exploratory studies, where models are tried and tested, falsified or verified simultaneous to ongoing modelling. 

The vision for evaluations of integrated care improvement programmes that is emerging differs quite substantially from the conventional approach. It is a vision that is comfortable with uncertainty and dynamic modelling, as well as one that creates room for new epistemic foundations reflecting phenomena of social organisations, such as emergence and feedback loops. It champions exploratory data analysis, as opposed to static model development and testing; it promotes flexibility in terms of the unit of analysis, extending single-n design to complex intervention studies. 
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